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Abstract 
 
In 2008 the German Ministry of Economic Affairs and Energy launched an initiative for new or retrofitted energy-efficient 
school buildings as focus area within their research programme “EnOB” (Energy Optimised Buildings). The initiative (www.eneff-
schule.de) comprises three different energy levels: 
• Best practice schools with energy-efficient renovations above the requirements in the energy-saving ordinance 
• Three-liter-house schools with energy needs for heating, hot water and auxiliary below 34 kWh/m²year 
• Plus energy schools that produce more energy than they use in the annual balance 
Currently three different plus energy school buildings have been planned, realized and monitored within the initiative, two of 
them being renovations (Stuttgart and Rostock), the last one being a new school building (Hohen Neuendorf). The three energy 
concepts include rather different technologies to generate heat and to reduce the energy consumption of ventilation and lighting 
systems. This is partly due to the research initiative approach of “EnEff:Schule” that asks for testing innovative technologies. 
There is however a general tendency to: 
• Low U-values of the building envelope with about 0.11–0.15 W/m²K at the walls and roof, 0.10 W/m²K for new base plates 
and 0.20–0.34 W/m²K for renovated ground slabs and basement ceilings and 0.80 W/m²K for windows 
• Large PV areas to compensate for the remaining energy use, sometimes in combination with other technologies or systems 
that generate electricity 
• Mechanical ventilation systems with high heat recovery rates but in combination with natural ventilation 
• User-dependent control strategies for ventilation and heating 
• Use of daylight at both the window/solar shading side and the electrical lighting control 
The paper compares the different technologies used at the building envelope, the heating, ventilation and lighting systems, the 
calculated and measured energy consumptions and the building costs. 
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1. The EnEff:Schule research initiative of the German Ministry of Economy and Energy 
 
In 2008 the German Ministry of Economic Affairs and Energy launched an research initiative for new or retrofitted 
energy efficient school buildings as focus area within their programme “EnOB” (Energy Optimised Buildings, 
www.enob.info). School buildings have been chosen because of the high number of such buildings in Germany, 
meaning experiences and success having a high multiplication potential, because the comfort of the classrooms 
has an impact on the education of the next generation and because they can also be used as practical teaching 
material in the lectures since energy efficiency and good user behaviour shall be taught at school. The also support the 
approach of public buildings as shining examples as requested by the EPBD recast [1]. 
The initiative (http://www.eneff-schule.de) comprises 3 different energy levels: 
x Best practice schools with energy-efficient renovations fulfilling more than the requirements in the German 
energy-saving ordinance 
x 3-litre-house schools with a primary energy use for heating, hot water and auxiliary below 34 kWh/m²yr 
x Plus energy schools that produce more energy than they use in the annual balance 
The following chapters concentrate on the plus energy building approach and describe exemplary schools with their 
used technologies, calculated and measured energy consumption and building costs. 
 
2. Possible definitions of plus energy buildings 
 
The available national and international plus energy buildings differ in their assessment methods, their energy 
forms (delivered energy/primary energy), the included energy usages (heating/hot water/cooling/ventilation only or 
together with lighting and electricity for equipment), the balancing (annual balance or energy autarky), whether they 
take into account self-generated electricity that is fed into the grid or only that part that is used by the building itself, 
etc. There is a definition in use in Germany for residential plus energy buildings [2] based on the Efficiency House 
Plus research initiative of the German Federal Ministry for the Environment, Nature Conservation, Building and 
Nuclear Safety (BMUB). It defines an efficiency house plus as follows: 
x Energy efficiency level: The level of the efficiency house plus is achieved if there are both, a negative annual 
primary energy use and a negative annual final energy use. All other requirements of the energy ordinance such 
as protection against summer overheating have to be met. 
x Assessment method: The verification has to be provided following the energy saving ordinance of 2014 with the 
German standard DIN V 18599. The average climatic location for Germany (Potsdam) has to be chosen. 
However, the final and primary energy uses for lighting, the household appliances and processes have to be 
added to the balance. This is realised by a lump-sum approach of 20 kWh/m²a (with lighting 3 kWh/m²a, 
household appliances 10 kWh/m²a, cooking 3 kWh/m²a, others 4 kWh/m²a) but at a maximum of 2500 kWh/a 
per residential unit. 
x Balancing limit: The balancing limit is the property line also in the sense of the inclusion of energy generated by 
renewable energy sources (on-site generation). This extends slightly the balancing limits of the energy saving 
ordinance where the energy has to be generated in immediate connection to the building. 
x Additional requirements: Houses that receive funding have to be equipped with household appliances of the 
highest efficiency standard (usually label A++ or better) and smart meters have to be installed. 
x Additional necessary information: In addition to the annual primary energy use and annual final energy use, the 
ratio of self-used compared to the total renewable energy generated within the balancing limit has to be pointed 
out. This calculation has to be performed on the basis of monthly balances. 
x Support tool: For the standardised calculation of an Efficiency House Plus a software tool, the Efficiency House 
Plus Calculator, is available for free in the internet. 
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This definition is however only valid for projects that want to be a partner in the network and receive funding for 
their planning, building and monitoring. There is an ongoing discussion on the appropriate definition of plus energy,  
especially whether the buildings also need to have a negative balance regarding final energy as well. In the case that 
heating is realised by biomass or biogas boilers or CHPs, or for example, by district heating with a low primary 
energy factor a negative primary energy demand can be rather easily achieved since the PV electricity mainly has to 
cover the household energy need and the lighting. In 2013 the standardization process for the definition and 
calculation procedure of plus energy houses has been started in Germany. 
 
3. Realised examples of the plus energy standard for school buildings 
 
3.1. Characteristics of the school buildings 
 
Currently three different plus energy school buildings have been planned, partly realised and monitored within 
the initiative. Two of them are renovations; the last one is a new school building. 
 
  
 
 
Fig. 1. Photos of the three plus energy schools: (a) Uhlandschule, Stuttgart, © Department of Environmental Protection, City of Stuttgart; (b) 
Gymnasium Rostock-Reutershagen, © Fraunhofer Institute for Building Physics; (c) Grundschule Hohen Neuendorf, © Fraunhofer Institute for 
Building Physics. 
 
Table 1 compares the applied plus energy definition of the three buildings. Note: The school in Stuttgart  follows 
a more holistic approach of plus energy in terms of the included energy usages. 
 
Table 1. Used definitions of “plus energy” in the 3 different schools. 
 
Uhlandschule Stuttgart-Rot Gymnasium Rost ock-Reutershagen Grundschule Hohen Neuendorf 
Plus energy definition Primary and f
total energy u
shall be negat
On-site as lim
energy genera
inal energy use of the      Primary energy u
se of the building DIN V 18599 (he
ive in annual balance.       annual balance. ( 
it for renewable On-site as limit fo
tion. 
se of energy needs as included in the German standard 
ating, hot water, auxiliary, lighting) shall be negative in 
Equipment not included). 
r renewable energy generation. 
 
A detailed description of the buildings is contained in [3]. Table 2 presents a comparison of different 
characteristics that have an impact on the energy consumption of the 3 buildings. 
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Table 2. Characteristics of the 3 plus energy school buildings and the used building service systems. 
 
Characteristics Uhlandschule Stuttgart-Rot Gymnasium Rostock-Reutershagen Grundschule Hohen Neuendorf 
Age of building 1954, renovated 2012-2014 1960/61, renovated 2009-2011 2011 (new building) 
Size 4,812 m² net floor area, 
31 classrooms, 450 pupils 
3,422 m² net floor area, 25 classrooms, 
234 pupils 
6,563 m² net floor area, 
18 classrooms, 540 pupils 
Building 
envelope 
construction 
Reinforced concrete skeleton 
construction, concrete ceilings and 
basement plate. Ripped concrete 
roof (Remy-ceiling). 
Brick construction and concrete 
ceilings. The main building complex 
was kept and made more compact with 
building annexes and a glazed climate 
buffer zone. 
Passive house level. Walls, 
ceilings and ground slab in 
concrete. 
Wall 26 cm thermal insulation with 
O=0.030 W/mK. Optimised daylight 
due to light wedges. At window sills 
24 cm mineral wool. 
U = 0.11-0.14 W/m²K 
External insulation with 24 cm mineral 
wool . New walls: wooden construction 
with 24 + 4 cm insulation. 
U = 0.15 W/m²K 
Brick facing on the wall with 20 
cm of mineral wool. Vacuum 
insulation at window sill. 
U = 0.14 W/m²K 
Roof 26 cm insulation (EPS foam) 
Vacuum insulation on the northern 
roof in order to keep the sky lights 
U = 0.11 / 0.15 W/m²K 
Conversion to flat roof with 24 cm 
insulation between the rafters 
U = 0.12 W/m²K 
Green roof with 36 cm insulation 
U = 0.11 W/m²K 
Ground slab/ 
cellar ceiling 
4 cm vacuum insulation above the 
base plate and 20 cm EPS below the 
basement ceiling 
U = 0.20-0.27 W/m²K 
2 cm vacuum insulation. New building 
part: 10 cm XPS 
U = 0.34 /  0.27 W/m²K 
Insulation on top and below the 
plate 
U = 0.10 W/m²K 
Windows “Diamond” triple-glazing with 
higher light transmission in passive 
house frame 
U = 0.80 W/m²K 
Box-type windows with a total of 
4 glazing levels. New building part: 
triple-glazing 
U = 0.80 W/m²K 
Triple-glazing in 
wood/aluminium frame 
U = 0.80 W/m²K 
Solar shading External blinds with daylight- 
redirection in the upper part. 
Automatic control outside of 
classroom hours 
Shading system in between the glazing 
and movable slats. Daylight-redirection 
in upper part of the windows 
Vertical blinds (upper part of 
windows is not shaded), daylight- 
redirection / daylight diffusion in 
the upper part of the windows 
Airtightness - - n50  = 0,54 1/h 
Lighting LED tubes with electronic ballasts 
and daylight-and occupant- 
dependent control. In other 
classrooms zone-controlled lighting 
(occupancy and daylight) 
Transom windows to the hall, sky 
lights, holographic elements. 2 rows of 
light, electronic ballasts 
Daylight from both sides 
(windows to the corridor). Light 
tubes (T5) in classrooms. LED in 
corridors. 
Heating and hot 
water 
Ground-coupled electrical heat 
pumps (45 ground probes with 90 m 
depth). Low temperature system 
with radiant ceiling and wall 
heating. 
District heating with low primary 
energy factor (0.256) that is mixed to a 
low temperature. 2 delivery systems: 
pedestal heating as basis and radiant 
panels coupled to occupancy detectors. 
Organic Rankine Cycle system (ORC) 
for using the district heating to produce 
electricity. 
Wood pellet boiler and wood 
pellet. CHP with buffer tanks 
and radiators. 
Ventilation User-dependent decentral ventilation 
system with 83 % heat recovery and 
humidity recovery controlled by  
CO2 sensors. Window ventilation 
during summer supported by a 
CO2 visualisation system 
4 central mechanical ventilation 
systems with 89 % heat recovery, 
controlled by temperature and humidity 
sensors. 
Hybrid ventilation: mechanical 
ventilation with heat recovery 
and motor-driven room-high 
openable window parts during 
breaks 
Renewable 
electricity 
generation 
1,120 m² PV system on the roofs and 
396 m² on the facade with in total 
167 kWp 
655 m² PV system with 75 kWp + 
3 wind generators + ORC electricity 
400 m² PV system with 55 kWp 
+ electricity of the CHP 
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The three energy concepts include rather different technologies to generate heat and to reduce the energy 
consumption of ventilation and lighting systems. This is partly due to the research initiative approach of 
“EnEff:Schule” that asks for testing innovative technologies. There is however a general tendency to: 
x Ensure low U-values of the building envelope with about 0.11 – 0.15 W/m²K at the walls and roof, 0.10 W/m²K 
for new base plates and 0.20 – 0.34 W/m²K for renovated ground slabs and basement ceilings (problems with 
increasing the insulation thickness regarding existing doors and cellar heights) and 0.80 W/m²K for windows 
x Include large PV areas to compensate for the remaining energy use, sometimes in combination with other 
technologies or systems that generate electricity 
x Include mechanical ventilation systems with high heat recovery rates but combine them with natural ventilation 
x Include user-dependent control strategies for ventilation and heating 
x Increase the possible use of daylight at both the window/solar shading side and the electrical lighting control 
 
3.2. Calculated performance and costs of the energy concepts of the school buildings 
 
For all 3 projects, the final and primary energy uses were calculated using the German standard for the assessment 
of the energy performance in buildings DIN V 18599 [4]. The results of the calculations and the estimated costs are 
contained in table 3. 
 
Table 3. Calculated energy performance and estimated costs of the 3 plus energy school buildings. 
 
 Uhlandschule Stuttgart-Rot Gymnasium Rostock-Reutershagen Grundschule Hohen Neuendorf 
Final energy 
use calculated 
(DIN V 18599) 
Space heating, hot water, auxiliary, 
lighting + equipment, etc.: 
25.5 kWh/m²yr 
Space heating, hot water, auxiliary, 
lighting: 
71.7 kWh/m²yr 
Space heating, hot water, 
auxiliary, lighting: 
42.9 kWh/m²yr 
Primary energy 
use calculated 
(DIN V 18599) 
Heating, hot water, auxiliary, 
lighting + equipment, etc.: 
66.2 kWh/m²yr 
Heating, hot water, auxiliary, lighting: 
55.0 kWh/m²yr 
Heating, hot water, auxiliary, 
lighting: 
23.6 kWh/m²yr 
Generated 
primary energy 
PV: 74.0 kWh/m²yr PV: 174.5 kWh/m²yr 
Wind generators: 46.8 kWh/m²yr 
ORC: 7.8 kWh/m²yr 
Total: 229.1 kWh/m²yr 
PV: 18.0 kWh/m²yr 
CHP: 6.1 kWh/m²yr 
Total: 24.1 kWh/m²yr 
Costs for KG 
300 (building) 
986 €/m² (net) Not known 1,025 €/m² (net) 
Costs for KG 
400 (service 
systems) 
669 €/m² (net) Not known 317 €/m² (net) 
Total building 
costs 
KG 300, 400, 700: 
2,634 €/m² (net) 
12,676,536 € (net) 
Not known KG 200 – 700: 
1,654 €/m² (net) 
10,853,001 € (net) 
Notes: 
x Primary energy use refers to the non-renewable primary energy part as defined in DIN V 18599 
x KG are cost groups as defined in the German standard DIN 276 [5] 
 
3.3. Measured energy performance of the school buildings 
 
All three buildings will be monitored and results of the technical and social evaluation will be presented on the 
website of the research initiative [6]. For the school in Hohen Neuendorf the monitoring phase is completed. The 
measured final and primary energy use for the year 2013 are presented in table 4. While the measured generated PV 
fits very well to the calculation, the energy use for heating, hot water, auxiliary and lighting is nearly double as high 
as predicted by the calculation. There was a change in the realised energy concept because the wood pellet CHP was 
not available on the market and had to be replaced by a wood pellet boiler. The use of the sports hall in the evenings 
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by sports clubs was also not part of the original concept. The detailed monitoring allowed detecting weaknesses in 
the building automatisation such as the automatic opening of windows also during the weekends. Additionally the 
night ventilation was started at too low outdoor temperatures because of a sensor that wasn’t installed in a continuously 
shaded area [7]. 
 
Table 4. Measured energy performance of the plus energy school in Hohen Neuendorf. 
 
Month Final energy [kWh/m²a]   Primary energy [kWh/m²a]   
 Heating + 
hot water 
(pellets) 
Auxiliary 
and lighting 
(electricity) 
Total final 
energy use 
PV 
generated 
electricity 
Heating + 
hot water 
(pellets) 
Auxiliary 
and lighting 
(electricity) 
Total 
primary 
energy use 
PV 
generated 
electricity 
January 9,63 1,48 11,10 0,01 1,93 3,84 5,76 0,03 
February 8,13 1,21 9,34 0,16 1,63 3,14 4,77 0,42 
March 7,72 1,34 9,06 0,56 1,54 3,48 5,02 1,46 
April 3,95 1,03 4,97 0,82 0,79 2,67 3,45 2,14 
May 1,95 0,87 2,82 0,94 0,39 2,26 2,65 2,46 
June 1,01 0,79 1,79 1,11 0,20 2,05 2,25 2,90 
July 0,55 0,42 0,97 1,25 0,11 1,10 1,21 3,24 
August 0,58 1,07 1,65 1,05 0,12 2,78 2,90 2,72 
September 2,25 1,17 3,41 0,57 0,45 3,04 3,49 1,49 
October 2,88 1,06 3,94 0,41 0,58 2,76 3,33 1,06 
November 5,12 1,30 6,42 0,14 1,02 3,39 4,41 0,37 
December 6,59 0,99 7,58 0,11 1,32 2,57 3,89 0,29 
Total 50,34 12,72 63,06 7,14 10,07 33,07 43,13 18,57 
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